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® ELECTRON BEAM-CURABLE RESIN. 

@ An oligopolyester urethane resin having a urethane 
bond at each end of a polyester moiety or a polyester 
polyurethane resin wherein a polyester moiety chain is 
extended through a urethane bond. The resins have a 
molecular weight of from about 1,000 to about 50,000, have 8 
double bond at each end of the molecule thereof, and have 
from about 0.2 to about 30 mol % of a metal sulfonate 
group-containing carboxylic acid component based on the 
whole carboxylic acid component. The resins are particularly 
suited as a binder for a magnetic coating material for 
producing magnetic recording medium such as magnetic 
tape and provides magnetic recording medium having 
excellent dispersibility, durability, and solvent resistance. 
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SPECIFICATION 
"ELECTRON RADIATION CURABLE RESIN" 

Technical field: 

The present invention relates to an electron radiation cur- 
> able resin. 
Background art: 

Heretofore, various resins have been synthesized which have 
double bonds in the molecule and . can form crosslinking of network 
structure through the cleavage of the double bonds on exposure 

3 to electron radiation. On the other hand, it has been found that 
a polyester resin having hydrophilic sulfonate groups but having 
no double bonds in the molecule is good in ability to disperse 
magnetic particles when used as a binder for a magnetic coating 
material for producing magnetic recording medium such as magnetic 

5 tape, but is poor in solvent resistance and mechanical strength 
of the coating film when applied to magnetic tape. Moreover, it 
has been found that a po lye ster-polyur ethane resin having metal 
sulfonate groups but having no double bonds in the molecule is 
also good in ability to disperse magnetic particles and abrasion 

0 resistance of coating film but is not satisfactory in solvent 
resistance. 

Disclosure of the Invention: 

It is an ..object of the present invention to provide an electron 
radiation curable resin which not only has good ability to dis- 

5 perse magnetic particles like the conventional polye ster-polyur e- 
thane resin but also forms a coating film superior in solvent 
resistance, abrasion resistance, and mechanical strength, when it 
is used as a binder for a magnetic coating material for produc- 
ing magnetic recording madium, particularly magentic tape and the 

0 like. 
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The electron radiation curable resin of this invention is 
an oligopolyester-ur ethane resin having urethane bonds at both 
terminals of a polyester moiety, or a polyester-poly- 
urethane resin wherein the polyester moieties are chaifc-extended 
5 through urethane bonds. Tills resin has a molecular weight of about 

1,000 to 50,000, and has a double bond at each terminal of the 
molecule and contains in the molecule about 0.2 to 30 mol% of 
carboxylic acid component having a metal sulfonate group based 
on the total carboxylic acid component. The oligopolyester- 
.0 urethane resin preferably has a molecular weight of about 
1,000 to 10,000, and the polyester-polyurethane resin pref- 
erably has a molecular weight of about 10,000 to 50/OO0- 

The 'carboxylic acid component in the polyester resin used in 
this invention may include, for example, an aromatic dicarboxylic acid 
L5 such as terephthalic acid, isophthalic acid, drthophthalic acid, 
and 1,5-naphthalic acid; an aliphatic dicarboxylic acid such as 
succinic acid, adipic acid, azelaic acid, sebacic acid, or do- 
de caned icarboxylic acid; an aromatic hydroxy carboxylic acid such as 
p-hydroxybenzoic acid or p- (2-hydroxyethoxy) benzoic acid; a tri- ... 
20 carboxylic acid such as trimellitic acid, trimesic acid, or 

a tetracarboxylic acid such as pyrcraellitic acid. Preferable exanples among 
them are terephthalic acid, isophthalic acid, adipic acid, and 
sebacic acid. 

The polyhydric alcohol which is other component of the 
25 polyester resin used in this invention may include, for example, 

an aliphatic diol such as ethylene glycol, propylene glyocl, 1,3- 
propanediol, 1, 4-butanediol , 1,5-pentanediol , neopentyl glycoL, 
1, 6-hexanediol, 2,2,4-trimethyl-l,3-pentanediol, or an substituted 
derivative thereof; an alicyclic diol such as 1 ,4-cyclohexane di- 
3 0 methanol; a poyalkylene glycol such as diethylene glycol, 
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dipropylene glycol , polyethylene glycol , polypropylene glycol, or 
polytetramethylene glycol; and an alkylene oxide adduct of an aronatic 
diol such as ethylene oxide adduct or propylene oxide adduct of 
bisphenol A, or ethylene oxide adduct or propylene oxide adduct 

5 of .hydrogenated bisphenol A. The polyhydric alcohol nay also include 
a triols or a tetraol such as trimethylol ethane , triraethylol pro- 
pane, glycerin, or pentaerythritol. Each polyhydric alcohol 
is preferably -used in combination with diols . 

The dicarboxylic acid having a metal sulfonate group which 

10 is still other ocnponent of the oopolyester resin used in this invention 
may include, for exanple, an aromatic dicarboxylic acid having an al- 
kali metal sulfonate group such as 2-sodiumsulf oterephthalic acid, 
2-potassi urns ulfotereph thai ic acid, 5-sodiumsulfoisophthalic acid, 
and 5-potassiumsulfoisophthalic acid. Any organic acid which 

15 is examplified above as the carboxylic acid component and have 
a metal sulfonate group may be used. The metal sulfonate group 
may preferably be an alkali metal sulfonate group. The carboxylic 
acid containing a metal sulfonate group should preferably be con- 
tained in an amount of about 0.2 to 30 mol%, more preferably about 

20 0.5 to 10 mol%, based on the total carboxylic acid component. If 
the content of the carboxylic acid having a metal sulfonate group 
is excessively low, the resulting electron radiation curable resin 
is poor in ability to disperse a dispersoid. On the other hand, 
if the content of the carboxylic acid component is excessively 

25 high, the resulting electron radiation curable resin is poor in 

solubility in common solvents and does not provide a good coating 
material. 

The oligopolyester-ure thane resin in this invention can be 
prepared by bonding the hydroxyl groups at at least both ter- 
30 minals of the above-mentioned copolyester resin to isocyanate 
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gro\5>s of a diisocyanate compound. Also r the polyester-polyure- 
thane resin can be prepared by chain-extending the copolyester 
resin with an isocyanate compound. The isocyanate compound to 
be used for this purpose may include / for exanple, an aliphatic diiso- 
5 cyante such as tetramethylene diisocyanate or hexamethylene 

diisocyanate; an aromatic diisocyanate such as m-phenylene diiso- - 
cyanate, p-phenylene diisocyanate/ 2,4-tolylene diisocyanate, 
2,6-tolylene diisocyanate f m-xylylene diisocyanate, p-xylylene 
diisocyanate, diphenylmethane diisocyanate, 3/ 3 , -dimethoxy-4, 4 
10 biphenylene diisocyanate, 3,3' -dimethyl -4, 4 '-biphenylene diiso- 
cyanate, 4, 4" -diisocyanate diphenylether , 1,5-naphthalene diiso- 
cyanate, or 2 , 4-naphthalene diisocyanate; and an alicyclic diiso- 
cyanate such as l r 3-di isocyanate methyl cyclohexane, 1,4-diiso- 
cyanate methyl cyclohexane, 4,4 '-diisocyanate dicyclohexylmethane, 
15 or isophorone diisocyanate. 

The compound which is used to introduce double bonds to at 
least both terminals of the aobve-mentioned. oligopolyester- 
urethane or polyester-polyurethane may i nc l u d e an acrylic mo n o m er or 
methacrylic monomer having a hydro xyl group and a double bond at 
20 each terminal of the molecule. Such a monomer is represented by 
the general formula: 

Rl 0 
II 

CH 2 =C - C-0-R 2 -0H 

(where Ri is a hydrogen atom or methyl group, and R 2 is a substi- 
25 tuted or unsubstituted alkylene group.) The alkylene group in 

the formula is a linear or branched divalent saturated hydrocarbon 
residue of carbon number 1 to 12. The alkylene group may be sub- 
stituted by a halogen atom, an alkyloxy group of carbon number 1 
to 4 with or without 1 to 3 substituted halogen atoms, an alken- 
30 yloxy group of carbon number 2 to 4 , or an alkenylcarbonyloxy group 
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of carbon number 2 to 4. 

Preferred examples of the compound represented by the above 
formula include 2-hydroxyethyl ester f 2-hydroxypropyl ester , 2- 
hydroxybutyl ester, 2-hydroxyoctyl ester, 2-hydroxydodecyl ester, 
5 2-hydroxy-3-chloropropyl ester, 2-hydroxy-3-acryloxypropyl ester, 
2-hydroxy-3-methacryloxypropyl ester, 2-hydroxy-3-acetoxypropyl 
ester, 2-hydra^3-chloroaoetoxypropyl ester, 2-hydroxy-3-^ciiloroa 
ester, 2-hyaro^3-trichloroaoeto^ropyl ester, 2-hydrb^3-crotonyloxypropyl ester 
and 2-hydroxy-3-allyloxy ester of acrylic acid or methacrylic 

10 acid. In addition to the above preferred compounds, any other 
compounds can be used in this invention so long as they have an 
active hydrogen atom that reacts with the isocyanate group of the 
oligopolyester-urethane or polyester-polyurethane and has an 
acrylic or methacrylic double bond. 

15 The electron radiation curable resin of this invention can 

be produced according to the conventional method. The oligopoly- 
ester-urethane resin can be produced as follows: At first, a oapoly- 
ester resin having a proper molecular weight is produced in the 
usual way from the above-mentioned carboxylic acid, carboxylic 

20 acid containing a metal sulfonate group, and polyhydric alcohol. 
The resulting .copolyester resin is then reacted with a diisocya- 
nate compound so that the hydroxy 1 groups at at least both 
terminals of the copolyester resin bond to the isocyanate groups. 
The isocyanate groups at both terminals are further reacted with 

25 the above-mentioned acrylic or methacrylic monomer so as to in- 
troduce the acrylic or methacrylic double bonds to both the ter- 
minals. The polyester-polyurethane resin can be produced as follows: 
At first, a copolyester resin is produced in the same way as above. 
Then, the resulting copolyester resin is reacted with a diisocya- 

3 0 nate compound so that chain of the copolyester resin is extended 
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through the urethane bond until a proper molecular weight is 
reached. Hie resulting product is further reacted with the above- 
mentioned acrylic monomer or roethacrylic monomer. 

The electron radiation curable resin of this invention pro- 
5 duced as above can be used as a binder for a magnetic paint 
for producing magnetic recording medium such as magnetic 
tape. On account of the extremely hydrqphilic metal sulfonate 
group in the molecule, this resin has an outstanding ability to 
disperse magnetic particles such as T-Fe2C>3 having hydrophilic 
10 groups on their surface when used as a binder for them to form 
a magnetic layer on a nonmagnetic substrate • Thus, it follows 
that if the resin is used as a binder and cured by electron 
radiation, a magnetic layer having good surface properties can 
be produced, and hence a magnetic recording medium having good 
15 surface properties can be obtained. The resin of this invention 
has at both terminals the acrylic or roethacrylic double bonds 
that open to form the cros si inking structure on exposure to elec- 
tron radiation. Therefore, the inte molecular or intramolecular - 
network crosslinking structure is formed by electron radiation. 
20 This results in a magnetic layer having high abrasion resistance 
and durability. Moreover, the resin of this invention has the 
double bonds at both terminals of the molecule that form the 
crosslinking structure on exposure to electron radiation, and 
therefore, the resulting coating film for magnetic recording 
25 medium is superior in mechanical strength and solvent resistance. 

In case the electron radiation curable resin of this invention can be used as 
a binder for magnetic recording medium, other components may be those constituting 
conventional magnetic recording media. Magnetic powder as a magnetic recording 
medium may include, for exanple, oxide magnetic powder such as T-Fe203 an ^ 
30 iron oxide in the intermediate oxidation state of *-Fe2°3 an<3 
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Fe>2°4' Co-containing T-Fe 2 03, Co-containing Fe304, Co-containing 
iron oxide in the intermediate oxidation state of f-Fe 2 03 and 
Fe 3°4' the above-mentioned iron oxide containing further more 
than one metal element (particularly transition metal element) , 
5 the above-mentioned iron oxide having a covering layer ccnposed 

mainly of cobalt oxide or cobalt hydroxide, Cr0 2 , or Cr0 2 with - 
& Cr 2 03 layer formed thereon by reducing the surface of Cr0 2 ; or ferro- ~ 
magnetic fine powder of Fe metal, Co metal, Ni metal, Fe-Co alloy, 
Fe-Ni alloy, Fe-Co-Ni alloy, Co-Ni-P alloy, Co-Ni-Fe-B alloy, Fe- 

10 Ni-Zn alloy, Fe-Mn-Zn alloy, or Fe-Co-Ni-P alloy. 

The magnetic paint composed of the electron radi- 
ation curable resin of this invention and magnetic powder may be 
incorporated with an abrasive such as aluminum oxide, chromium 
oxide, or silicon oxide; an antistatic agent such as carbon 

15 black; or a lubricant such as molybdenum sulfide, graphite, sil- 
icone oil, or olive oil. Moreover, the electron radiation cur- 
able resin of this invention may be used in combination with a 
conventional binder for magnetic recording media. Examples of 
such a binder may include vinyl chloride-vinyl acetate copolymer, 

20 vinyl chloride- vinyl acetate-vinyl alcohol copolymer, vinyl 

chloride- vinyl acetate-male ic acid copolymer, vinyl chloride- 
vinyl idene chloride copolymer, vinyl chloride-acrylonitrile co- 
polymer acrylate ester-acrylonitrile copolymer, 
acrylate ester-vinylidene chloride co- 

25 polymer, metacrylate ester-vinylidene chloride copolymer, metacrylate 
ester-styrene copolymer, thermoplastic polyurethane resin, phenoxy ' 
resin, polyvinyl fluoride, vinylidene chloride-acrylonitrile co- 
polymer, butadiene-acrylonitrile copolymer, acrylonitrile-butadi- 
ene-acrylic acid copolymer, acrylonitr ile-butadiene-methacrylic 

30 acid cqpolymer, polyvinylbutyral , cellulose derivative, styrene- 
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butadiene copolymer, polyester resin, phenol resin, epoxy resin, 
thermosetting polyurethane resin, urea resin, melamine resin, 
alkyd resin, urea- formaldehyde resin, and mixtures thereof. 

The solvent that can be. used for preparing the magnetic 
5 coating material may include, for example, a ketone such as acetone, 
methyl ethyl ketone, methyl iso butyl ketone, or cy clohexanone ; 
an alcohol such as methanol; an ester such as methyl acetate, ethyl 
acetate, butyl acetate, or ethyl butyrate; a glycol ether such 
as ethylene glycol dimethyl ether, ethylene glycol monoethyl 
10 ether, or dioxane; an aromatic hydrocarbon such as benzene, tol- 
uene, or xylene; or aliphatic hydrocarbon such as hexane, or 
heptane; or a mixture thereof. 

The nonmagnetic substrate that can be used for producing mag- 
netic recording medium may include, for exanple, a polyester suck as 
15 polyethylene terephthalate; a polyolefin such as polypropylene;-.. - 
a cellulose derivative such as cellulose triacetate or cellulose 
diacetate; polycarbonate; polyvinyl chloride; polyimide; a metal 
such as aluminum or copper; or paper. 

The magnetic paint composed as mentioned above 
20 is applied onto a nonmagnetic substrate in the usual way and 

then dried to form a coating film* The. coating film should pref- 
erably be exposed to electron radiation after calendering; how- 
ever, it is also possible to carry out calendering after irradi- 
ation. The irradiation can be accomplished with electron rays 
25 as well as neutron rays and gamma-rays • Electron rays are pref- 
erred from industrial point of view. The preferred dose is ca. 
1 to 10 Mrad, more suitably ca. 2 to 7 Mrad. Where an electron 
accelerator is used for irradiation, the accelerating energy 
should be higher than about 100 keV. 
30 Best Mode for Carrying Out the Invention: 
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The invention is now described with reference to the follow- 
ing examples. In the Examples and Comparative Examples, quantities 
are expressed as parts by weight. 

Example Is 01 igopolyester-ure thane resin having double bonds and 
5 metal sulfonate groups 

Into a reaction vessel equipped with a thermometer, stirrer, 
and partial refluxing type condenser were charged 119.2 parts of 
dimethyl tereph thai ate, 89.4 parts of dimethyl isophthalate, 136.5 
parts of 5-sodiumsulfoisophthalic acid, 148.2 parts of ethylene 
10 glycol, 203.4 parts of neopentyl glycol, and 0.025 part of zinc 
acetate and 0.003 part of sodium acetate, the last two components 
being catalysts. The ester exchange reaction was carried out at 
180°C to 220°C for 3 hours. Then, 376.2 parts of sebacic acid 
was added, and the reaction was continued at 200°C to 240°C for 2 
15 hours. The pressure of the reaction system was reduced to 10 imriHg over 30 min- 
utes. While keeping the reaction system at 3 to 10 mmHg, the 
polycondensation reaction was carried out at 250 °C for 2 hours. 
The resulting ccpolyester resin was found to have a reduced vis- 
cosity *l S p/ c " 0.156 (methyl ethyl ketone : toluene = 1:1, 30°C) 
20 and an OH group concentration of 42 mmol/g. The copolyester resin 
was analyzed by nuclear magnetic resonance to find the composition 
as follows: 

Terephthalic acid: 20 mol%, isophthalic acid: 15 mol% f 
5-sodiumsulfoisophthalic acid: 5 mol%, sebacic acid: 60 
25 mol% r ethylene glycol: 50 mol%, and neopentyl glycol; 50 

mol%. 

Subsequently, into a reaction vessel equipped with a ther- 
mometer, stirrer, and reflux condenser were charged 50 parts of 
the copolyester resin prepared as above, 73 parts of methyl ethyl 
30 ketone, 73 parts of toluene, 12.7 parts of diphenylmethane diiso- 
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cyanate, and 0.00 5 part of dibutyltin dilaurate. The reaction was 
carried out at 70°C to 90°C for .3 hours. 

To the oligopolyester-urethane obtained as above was added 
3.96 parts of p -hydroxyethyl me thacrylate, and the reaction was 
5 carried out at 70°C to 90°C for 3 hours. There was obtained an 
oligopolyester-urethane resin having a reduced viscosity JJ S p/ C ■ 
0.163 (methyl ethyl ketone : toluene =1:1, 30°C). 
Comparative Example 1: Oligopolyester-urethane resin having 
double bonds but having no metal sulfonate groups 
10 Into a reaction vessel equipped with a thermometer/ stirrer, 

and partial re fluxing type condenser were charged 119.2 parts of 
dimethyl tereph thai ate, 119.2 parts of dimethyl isophthalate, 
148.2 parts of ethylene glycol, 203.4 parts of neopentyl glycol, 
and 0.025 part of zinc acetate and 0.003 part of sodium acetate, 
15 the last two components being catalysts. The ester exchange re- 
action was carried out at 180*0 to 220°C for 3 hours. Then, 376.2 
parts of sebacic acid was added. Thus, there was obtained a co- 
polyester resin in the same way as in Example 1. Hie resulting 
copolyester resin was found to have an OH group concentration 
20 of 41 mmol/g. The ratio of the carboxylic acid components in the 
copolyester resin was 20 mol% of dimethyl terephthalate, 20 mol% 
of dimethyl isophthalate, and 60 mol% of sebacic acid, and the 
ratio of the glycol components was 50 rool% each of ethylene gly- 
col and neopentyl glycol. 
25 Then, the copolyester resin was reacted with diphenyl me thane 

diisocyanate as in Example 1, and subsequently with /3-hydroxy- 
ethyl methacrylate. Thus, there was obtained an oligopolyester- 
urethane resin having double bonds. The concentration of OH 
groups in this resin was 37 mmol/g. 
30 Comparative Example 2: Oligopolyester-urethane resin having no 
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double bonds but having metal sulfonate groups 
The same copolyester resin as obtained in Example 1 was used, 
except that the reaction for introducing double bonds was not 
carried out. ^ sp /c « 0.156 (methyl ethyl ketone : toluene « 
5 1:1 # 30°C). The resulting resin was found to have an OH group 
concentration of 42 mmol/g. The ratio of the carboxylic acid 
components in the resin was 20 mol% of dimethyl terephthalate f 
15 mol% of dimethyl isophthalate, 5 mol% of 5-sodiumsulfoiso- 
phthalic acid, and 60 mol% of sebacic acid, and the ratio of the 
10 glycol components was 50 mol% each of ethylene glycol and neopen- 
tyl glycol. 

Comparative Example 3: Ol ig opo lye ster-ur ethane resin having neither 
double bonds nor metal sulfonate groups 

The same copolyester resin as obtained in Comparative Exam- 

15 pie 1 was used, except that the reaction for introducing double 
bonds was not carried out. The ratio of the carboxylic acid com- 
ponents in the resin was 20 mol% of dimethyl terephthalate, 20 
mol% of dime-thyl isophthalate, and 60 mol% of sebacic acid, and 
the ratio of the glycol components was 50 mol% each of ethylene 

20 glycol and neopentyl glycol. 

Example 2: Polyester-polyure thane resin having double bonds and 
metal sulfonate groups 
Into a reaction vessel equipped with a thermometer, stirrer, 
and partial re fluxing type condenser were charged 119.2 parts of 

25 dimethyl terephthalate, 89.4 parts of dimethyl isophthalate, 136.5 
parts of dimethyl 5-sodiumsulfoisophthalate, 148.2 parts of eth- 
ylene glycol, 203.4 parts of neopentyl glycol, and 0.025 part of 
zinc acetate and 0.00 3 part of sodium acetate, the last two com- 
ponents being catalysts. The ester exchange reaction was carried 

30 out at 180*C to 220°C for 3 hours. Then, 376.2 parts of sebacic 
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acid was added , and the reaction was continued at 200°C to 240°C 
for 2 hours. The pressure of the reaction system was reduoed to 10 xmOg over 
30 minutes. While keeping the reaction system at 3 to 10 mraHg, 
the polycondensation reaction was carried out at 250°C for 2 hours^ 
The resulting copolyester resin was found to have a reduced vis- 
cosity >? S p/ c = 0.156 (methyl ethyl ketone : toluene *» 1 : 1, 30°C) 
and an OH group concentration of 42 mmol/g. Hie copolyester resin 
was analyzed by nuclear magnetic resonance to find the composition 
as follows: 

Terephthalic acid: 20 mol% r isophthalic acid: 15 mol%, 
5-sodiumsulfoisophthalic acid: 5 mol% r sebacic acid: 60 
mol% f ethylene glycol: 50 mol%, and neopentyl glycol: 50 
mol%. 

Subsequently, into a reaction vessel equipped with a ther- 
mometer, stirrer, and reflux condenser were charged 50 parts of 
the copolyester resin prepared as above, 73 parts of methyl ethyl 
ketone, 73 parts of toluene, 7.0 parts of diphenylmethane diiso- 
cyanate, and 0.005 part of dibutyltin dilaurate. The reaction was 
carried out at 7 0°C to 9 0°C for 3 hours. 

The resulting polyester-polyurethane having isocyanate groups 
at both terminals was found to contain 3.90 mmol/g of isocyanate 
groups and to have a reduced viscosity f S p/c = 0.193. 

To the polyester-polyurethane resin obtained as above was 
added 9.54 parts of p-hydroxye thyl me thacrylate, and the reaction 
was carried out for 3 hours. Thus, there was obtained a polyester- 
polyurethane resin having a reduced viscosity *] sp /c = 0.210 (methyl 
ethyl ketone : toluene =1:1, 30°C). 

Comparative Example 4: Polyester-polyurethane resin having 
double bonds but having no metal sulfonate groups 
Into a reaction vessel equipped with a thermometer, stirrer, 
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and partial refluxing type condenser were charged 119.2 parts of 
dimethyl terephthalate, 119.2 parts of dimethyl isophthalate, 
148.2 parts of ethylene glycol, 203.4 parts of neopentyl glycol, 
and 0.025 part of zinc acetate and 0.003 part of sodium acetate, 
5 the last two components being, catalysts. The ester exchange re- 
action was carried out at 180°C to 220°C for 3 hours. Then, 376.2 
parts of sebacic acid was added. Thus, there was obtained a co- 
polyester resin in the same way as in Example 2. The resulting 
copolyester resin was found to have an OH group concentration of 

10 41 mmol/g. The ratio of the carboxylic acid components in the 
copolyester resin was 20 mol% of dimethyl terephthalate, 20 mol% 
of dimethyl isophthalate, and 60 mol% of sebacic acid, and the 
ratio of the glycol components was 50 mol% each of ethylene gly- 
col and neopentyl glycol. 

15 Then, the copolyester resin was reacted with diphenylme thane 

diisocyanate as in Example 2, and subsequently with /3-hydroxy- 
ethyl roethacrylate. Thus, there was obtained a polyester-poly- 
urethane resin having double bonds. 7 sp /c . 0.173 (methyl- ethyl 
ketone = 1:1, 30°C) 

20 The properties of the resin obtained in the above-mentioned 

Examples and Comparative Examples were measured as follows: '* 
1. Dispersibility 

In order to evaluate the resins obtained in Examples and 
Comparative Examples in terms of their ability to disperse mag-. 

25 netic particles, a settling test was carried out using r-Fe 2 0 3 
as a dispersoid. 

In a 50-ml graduated cylinder with a ground glass stopper 
were placed 1.0 g of T-Fe 2 0 3 , 0.25 g of the resi n ; and 50.0 ml of 
mixed solvent (methyl isobutyl ketone : toluene : cyclohexane = 

30 2 : 2 : 1 by weight). The resulting solution was shaked 100 times 
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and then allowed to stand for 24 hours. The solution was shaked 
again 100 times and then allowed to stand to observe the settling 
behavior. The volume of settlings at equilibrium was measured 
in terms of vol%. The settling rate and the state of settlings 
5 were also observed. The results- are shown in Table 1. 

Table 1 

\ Settling Test 

Volume of Settling rate 



10 


Samples 




settlings 
(%) 


(in relative 
values) 


State of 
settlings 


Example 1 




5.6 


Slow 


Dense 




Comp. Example 


1 


12.0 


Fast 


Loose 




Comp. Example 


2 


6.5 


Slow 


Dense 




Comp . Ex ampl e 


3 


14.0 


Fast 


Loose' 


15 


Example 2 




6.3 


Slow 


Dense 




Comp. Example 


4 


13.2 


Fast 


Loose 



2. Tensile properties 

Each resin obtained in Examples 1 and 2 and Comparative Ex- 

20 amples 1 and 4 was dried at 90°C under 25 mmHg for 3 days to pre- 
pare a film of about 100-micron thickness. The film was cured 
by 5 Mrad of electron radiation at an accelerating voltage of 200 
keV. Tfest specimens measuring 10 cm long and 0.625 cm wide were 
cut out from the cured film. The tensile properties of the test 

25 specimens were measured using a universal tensile machine. The 
resin obtained in Comparative Example 2 was tested in the same 
way, except that the electron radiation was not carried out. 
The results are shown in Table 2. 



30 



- 15 - 
Table 2 
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20 



25 







100% modulus 
(kg/cm2) 


Tensile 
strength at 
break To 
(kg/cm2) 


Young * s 
modulus 
E * 

<kg>cm 2 ) 


Example 1 




256 


220 


2.15 x 10* 


Comp. Example 


1 


241 


210 


2.10 x 10 4 


Comp. Example 


2 


37 


156 


1.74 x 10 4 


Example 2 




284 


246 


3.10 x 10 4 


Comp. Example 


4 


263 


243 


2.97 x 10 4 



10 

3. Solvent resistance 

Each resin obtained in Example 2 and Comparative Examples 2, 
3 r and 4 was vacuum-dried at 60°C to prepare a film. The film 
was cut into 1-cm square. The cut pieces were dipped in methyl ethyl 
15 ketone, toluene, and cyclohexane to observe if they dissolve. The 

films of the resins obtained in Example 2 and Comparative Example 
4 were cured by electron radiation of 200 keV, and the films of 
the resins obtained in Comparative Examples 2 and 3 were not cured 
by electron radiation. The results are shown in Table 3. 



Example 2 
Comp. Example 2 
Comp. Example 3 
Comp. Example 4 



Table 3 

Methyl 

ethyl 

ketone 

Insoluble 

Soluble 

Soluble 

Insoluble 



Toluene 

Insoluble 

Soluble 

Soluble 

Insoluble 



Cyclo- 
hexane 

Insoluble 
Soluble 
Soluble 
Insoluble 



30 



-■16-" 0085722 
Table 1 indicates that when it comes to the ability to dis- 
perse a disperso id, there was no difference among the resins ob- 
tained in Examples 1 and 2 and Comparative Example 2, which all 
contained the metal sulfonate group, regardless of "the presence 
or absence of double bonds, and that they were apparently superior 
to the resins obtained in Comparative Examples 1, 3, and 4, which 
all did not contain the metal sulfonate group. 

Table 2 indicates that when it comes to the tensile proper- 
ties, there was no difference among the resins obtained in Examples 
and Comparative Examples regardless of the presence or absence of 
the metal sulfonate group, so long as they were cured by electron 
radiation, and that they were greatly improved in tensile proper- 
ties as compared with the resin of Comparative Example 2 which 
was not cured by electron radiation. 

Table 3 indicates that the resins obtained in Example 2 and 
Comparative Example 4, which were cured by electron radiation, 
were insoluble in common solvents, whereas the uncured resins in 
Comparative Examples 2 and 3 were soluble in common solvents. 

The resins obtained in the above-mentioned Examples and Com- 
parative Examples were made into magnetic tape as follows: 

Ten parts of T-Fe203 magnetic particles, 5 parts of methyl 
ethyl ketone, and 7.5 parts of toluene were mixed by ball milling 
for 3 hours. The resulting mixture was further mixed with 2.5 
parts of the resin obtained in Example 1, 5 parts of methyl ethyl 
ketone, and 7.5 parts of toluene by ball milling for 24 hours. 
After degassing, the resulting mixture was applied coating to a 16-micron 
thick polyethylene terephthalate film using a doctor blade with a 
25-micron gap. The coated film was allowed to stand for about 1 
hour in a parallel magnetic field of 900 Oe. Then, the coated 
film was dried in a hot-air drier at 90°C for about 30 minutes. 
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After removal of solvent, the magnetizable layer was 8.0 micron 
thick* The Rs (B r /B m ) was 0.87. 

Each resin obtained in Example 2 and Comparative Examples 
1, 2, 3, and 4 was made into a magnetizable layer on polyethyl- 
5 ene terephthalate film in the same way as above. 

The tapes made from the resins prepared in Examples 1 and 2 
and Comparative Examples 1 and 4, which all have double bonds 
reactive to electron radiation, were cured by exposure to 5 Mrad 
of electron radiation at an accelerating voltage of 200 keV. The 
10 properties of the resulting magnetic tapes were investigated as 
follows: 

1. Tensile properties: 

Test specimens, 10 cm long and 0.625 cm wide, were cut out 
from the cured magnetic tapes made from the resins prepared in Ex- 
15 amples 1 and 2 and Comparative Examples 1 and 4. The tensile 

properties of the test specimens were measured using a universal 
tensile machine. 

2. Solvent resistance: 

The magnetic layer was rubbed with a piece of gauze moistened 
20 with methyl ethyl ketone, until the layer disappeared. Solvent 
resistance is expressed in terms of the cycles of rubbing. 

3. Powder dropping: 

The tape was actually run on a tape recording machine, and 
the quantity of dropped powder accumulating on the pinch roller/ 
25 capstan, guide, and head was observed. Hie results were rated by 
the demerit mark system (point 0 to point -5). 

The results are shown in Table 4. 



30 



Sample 
5 Example 1 

Comp. Example 1 
Comp. Example 2 
Comp. Example 3 
Example 2 
10 Comp. Example 4 



< B r/ B m> 
0.87 

0.63 

0.87 

0.63 

0.87 

0.63 
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Properties of Magnetic Tape using each 
re"sin of Examples and Comp. Examples 



E i 2 

9.26 x 10 4 
9.03 x 10 4 
5.44 x 10 4 
4.20 x 10 4 
9.30 x 10 4 
8.71 x 10 4 



Solvent 
resistance 

>100 

MOO 



MOO 
M00 



Powder 
dropping 

-0.5 

-1.5 

-1.0 

-3.0 

-0.5 

-1.5 



It is noted from the above-mentioned results that the res- 
ins of Examples 1 and 2, which contained the metal sulfonate 
groups and were cured by electron radiation, were far superior in 
15 Rg, Young* s modulus E$_, solvent resistance^ and powder dropping 
to that of Comparative Example 3. Moreover, the resins of Ex- 
amples 1 and 2 were not so different in R s , ability to disperse a 
dispersoid, and ability to orient magnetic particles, from those 
in Comparative Examples 1 and 4; however, there was a considerable 
20 difference between them in powder dropping. 

On the other hand, it is noted that the resin in Comparative 
Example 2 was far inferior in durability to the resins of Examples 
1 and 2 which were cured by electron radiation. This also applies 
to the resins in Comparative Examples 1, 3, and 4. 
25 Application of the Inveniton to Industry: 

The foregoing indicates that the oligopolyester-urethane 
resin or polyester-polyur ethane resin of this invention which 
contains metal sulfonate groups and is curable with electron 
radiation is superior in the ability to disperse a dispersoid, 
30 tensile properties, and solvent resistance to a polyester resin 
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which does not contain metal sulfonate groups and does not under- 
go crosslinking by electron radiation. When the resin of this in- 
vention is used as a binder for magnetic tape, the resulting mag- 
netic tape is apparently superior particularly in solvent resist- 
ance and durability. Thus, the electron radiation curable resin 
of this invention can be applied to magnetic recording media. In 
addition, it can be used in many areas as a binder for the coating 
film that requires solvent resistance and mechanical strength. 
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CLAIMS 

1. An electron radiation curable resin comprising an oli- 
gopolyester-urethane resin having urethane bonds at both ter- 

5 minals of its polyester moiety, or a polyester-polyure- 

thane resin wherein its polyester moieties are chain-extended through 
urethane bonds r said resin having a molecular weight of about 
1,000 to 50,000, having a double bond at each terminal of the 
molecule, and containing in the molecule about 0.2 to 30 mol% of 
10 carboxylic acid component having a metal sulfonate group based 
on the total carboxylic acid component. 

2. The electron radiation curable resin as claimed in Claim 
1, wherein the molecular weight of the oligopo lye ster-ur ethane 
resin is about 1,000 to 10,000. 

15 3. OHie electron radiation curable resin as claimed in Claim 

1, wherein the molecular weight of the polyester-poly urethane 
resin is about 10,000 to 50,000. 

4. The electron radiation curable resin as claimed in Claim 
1, wherein the double bonds present in both terminals of the rool- 

20 ecule are acrylic or methacrylic double bonds. 

5. The electron radiation curable resin as claimed in Claim 
1, wherein the metal sulfonate group is an alkali metal sulfonate 
group . 

6. The electron radiation curable resin as claimed in Claim 
25 1 or Claim 4, wherein the compound for introducing the double bonds 

to both terminals of the molecule is an acrylic monomer or meth- 
acrylic monomer having a hydroxyl group and a double bond at each 
terminal of the irolecule, as represented by the following general formula: 
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CH 2 =C - C-O-R2-OH 



(where is a hydrogen atom or methyl group, and R 2 is a substi- 
tuted or unsubstituted alkylene group.) 
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